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34 35 36 37 seconds to be thoroughly investigated. Specifically, we have developed hardware and software 48 which permits the reaction region's voltages to be rapidly switched at a frequency of 0.1-5 Hz. 49 We show how this technique can be used to provide a higher confidence in the identification 50 of compounds than is possible by keeping to one reduced electric field value through 51 illustrating the detection of explosives. Although demonstrated for homeland security 52 applications, this new technique has applications in other analytical areas and disciplines where 53 rapid changes in a compound's concentration can occur, e.g. in the Earth's atmosphere, plant 54 emissions and in breath. Importantly, this adaptation provides a method for improved 55 selectivity without expensive instrumental changes or the need for high mass resolution 56 instruments. 57
Proton Transfer Reaction-Mass Spectrometry (PTR-MS) is a broad-based technique that has 59
proved its analytical use in many fields including atmospheric chemistry, food science, breath 60 analysis and Homeland Security. 1 Within the Homeland Security area, PTR-MS is capable of 61 detecting a wide range of dangerous substances, and a number of studies have been published 62 dealing with chemical warfare agents, illicit drugs and explosives.
2-19 A key criterion for any 63 analytical instrumentation is sensitivity. The high sensitivity of PTR-MS, which can now reach 64 levels of parts per quadrillion by volume in seconds, 20 permits the relatively easy detection of 65 many chemical compounds in trace amounts. 66
While high sensitivity is necessary for a range of applications, high selectivity is also 67 required so that chemical compounds can be identified with a high level of confidence in real-68 time. Higher selectivity is particularly needed with increasing sensitivity because the number 69 of possible interferents at detectable levels increases. High chemical specificity is of 70 considerable importance to the military, to emergency responders and for applications in 71 security areas such as airports, harbours and train stations, where false alarms can cause 72 significant cost and disruption to the public. 73
Without a pre-separation stage (e.g. a Gas Chromatography (GC) stage), PTR-MS 74 primarily relies on the value of m/z of the product ion(s) to identify a given chemical compound. 75 This results in an uncertainty in identification. Fast GC systems are being developed for use 76 with PTR-MS to reduce any ambiguity in assignment, but these still take away from a major 77 advantage of PTR-MS, namely real-time measurements. 78 A possible way to improve selectivity without losing the real-time capability advantage 79 of PTR-MS is to manipulate the ion chemistry occurring in the reaction chamber. Thus different 80 product ions (or changes in their intensities) can be used to aid in compound identification. A 81 number of methods to achieve this have been proposed and adopted. One method is to use 82 different reagent ions, e.g. changing from H3O + (proton transfer reactions) to O2 + (charge 83 changing the reduced electric field from a low value, for example 80 Td, to a high value, for 93 example 180 Td (or vice-versa) differences in product ion distributions will occur. This can aid 94 in the identification of the trace neutral responsible for those ions. This approach was used in 95 the early investigations using PTR-MS, 22, 23 where changes in the reduced electric field were 96 used to distinguish isomeric compounds. More recent examples exploiting this technique can 97 be found in the literature, [24] [25] [26] and this same approach was used by González-Méndez et al. to 98 discriminate between nitro-glycerine (NG) and the isobaric compound 2,4,6-trinitrotoluene 99 (TNT). 17 For that study the drift tube voltage was changed manually. However, for the 100 switching of the reduced electric field to be analytically useful, the reduced electric field needs 101
to be changed at a frequency whose reciprocal is comparable to the sample time of a compound 102 in the drift tube. This is particularly the case for areas of application where the sample is present 103 in the reaction chamber of a PTR-MS for short periods of time, e.g. a real-time breath sample 104 (< 10 s) or for thermally desorbed materials such explosives (< 20 s). 105
The simplest way to provide a rapid change in E/N is to alter the E field by changing 106 the voltage applied across the drift tube. In this paper we present details of a collaborative required E/N values. This is achieved using a digital-to-analogue converter that allows a new 168 software interface to set the two voltage values between which the power supply will switch. 169
In addition to the voltage control, the software also provides the facility to alter the frequency 170 of switching between two voltages. The data are saved as two separate, cumulative spectra 171 from the two E/N states. 172
The circuitry for the switching has been added to an existing set of electronics that was 173 not designed for switching. Oscilloscope traces of the power supply output (only) show 174 asymmetry in the rise and fall times of the voltage. This is due to built-in diode circuitry on the 175 output of the power supply. If we define the period between a stable low voltage and a stable 176 high voltage after switching as the rise and fall times, we observe times of ~ 10 ms and ~ 25 177 ms, respectively. When the power supply is connected to the reactor, thus adding resistors and 178 capacitors to the output, by the same criterion we observe greater time differences in the rise 179 and fall times of the product ions (see section 3.1 for details). Analytically what is important is 180 that data are acquired when the product ion signal is constant in the two phases. This is 181 accomplished by means of using purposely written software that censors the data between 182 voltage changes. 183
Operational parameters. Explosives measurements were obtained through the use of 184 PTFE swabs (ThermoFisher Scientific) doped with known quantities of explosives and placed 185 into a Kore Technology Ltd. thermal desorption unit (TDU), which was connected to the inlet 186 of the PTR-ToF-MS. Details of the TDU have been given elsewhere. 17 The swabs came 187 prepared from the manufacturer mounted on rectangular cardboard for easy insertion into the 188 TDU. Once a seal was created, a carrier gas (in this study laboratory air) was heated to the 189 temperature of the TDU before it flows through a series of holes in a heated metal plate. This 190 heated air then passed through the swab and into the inlet system driving any desorbed material 191 through to the drift tube creating a concentration "pulse" of typically between 10 -20 seconds 192 of an explosive in the drift tube. stability. The measured transition time when switching from a low to a high E value to result 236 in 95% of the maximum ion signal was measured to be 60 ms. For changing from high to low 237 E values the transition time was measured as 140 ms to reach within 5% of the stable lowest 238 ion signal for that E/N phase. In practice this limits the switching frequency to less than 5 Hz. 239
However, we will demonstrate that that is more than adequate for applications to explosive 
